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Abstract 
The long cane and the dog guide, remain the most preferred methods by the blind people in the mobility and navigation 
tasks. The long cane works efficiently because it extends the tactile sensorial capabilities, operating as an important source 
of information for the visual impaired, mainly to test the floor texture and to detect obstacles at the floor-level. This paper 
describes the development of a set of electronic mobility aids for the blind. We will present a set of complementary 
electronic devices: an improved long cane (MobiFree Cane) that has the ability to detect holes and drop-offs at the floor-
level; the concept of a pair of sunglasses (MobiFree Sunglasses) mainly focus in the detection of head-level obstacles and 
a directional speaker (MobiFree Echo) to obtain echo information of surrounding elements, i.e. long distance obstacles 
such as a wall or a car. All these devices were designed to be interconnected through a Wireless Personal Area Network 
(WPAN) centered on a smartphone (or PDA) with included GPS capabilities. 
 
© 2012 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Scientific Programme Committee of the 4th International Conference 
on Software Development for Enhancing Accessibility and Fighting Info-exclusion (DSAI 2012) 
 
Keywords: Blind Mobility; Electronic Mobility Aids; Hole Detection; Ultrasonic Ranging; User-Centered Design.. 
1. Introduction 
Blind and visually impaired people have difficulty in constructing an accurate and spatially integrated 
mental map of their circumvent environment using only its locomotion and its remaining senses. Most of the 
spatial information is delivered in detail by the visual system rather than by the other most important sensory 
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systems, i.e. touch, hearing and smell. It is well known that visual information requires less work to integrate 
information into a well-structured cognitive map of the environment when compared with other sources of 
information, mainly the information that comes from the remaining senses [1]. Orientation and Mobility 
(O&M) are apparently simple tasks for people without any vision problems, but behind this, complex cognitive 
and perceptive processes work over sensory information obtained directly from the surrounding ambient by the 
remaining senses, which results in mental limited space representations, when compared to someone with 
normal sight. Orientation is the ability, of someone to know their own position in a spatial context, and has a 
huge importance in the task of navigation, because it allows the construction of detailed mental maps where a 
route between actual position and a destination is mentally traced. 
Independent mobility of the visual impaired is mainly obtained by haptic exploration through the use of the 
long cane. There are different techniques normally introduced to the blind by the O&M instructors. One of the 
most important techniques is the 2-Touch Technique, that is usually modified by the blind to enable quicker 
scanning, thus increasing the locomotion speed. This increasing speed results in a lack of path coverage, 
extending this way the number of so-called dead zones, i.e. zones that the 2-Touch Technique cannot cover [2]. 
In an outdoor environment, were object positions are always changing, and persons are always moving, the 
been proposed. Most of them just provided information about the distance to the nearest object through the use 
of ultrasonic signals to detect obstacles based using echo time-of-flight estimation (echolocation). Some 
(2003), Ultracane (2005). Other devices attempted to give a more complex map of the environment but at the 
cost of providing an excessive amount of information to the blind, mainly through sensory substitution in the 
axis vision-hearing, which in some cases overloads the replaced sensory system and difficult the adaptation of 
the user to the equipment [3]. Some examples of this more complex devices that use stereophonic audio 
interfaces are: Sonic Pathfinder (1984), Sonic Glasses (1974), Sensory 6 (1986), The vOICe (1992) and booth 
systems proposed in [4] (2009). However, the increased miniaturization of electronics opens new opportunities 
to design blind mobility aids with the aim to solve some of the drawbacks of the existing ones. 
This work started after a request from a Portuguese association called APEC  (that is focus in the promotion 
of learning in the blind population) to the Department of Electronics, Telecommunications and Informatics of 
the Aveiro University, back in 2008. They wanted us to develop electronic devices to detect holes in the ground 
and obstacles at the head-level. We decide to start with the development of a long cane able to detect holes, 
drop-offs and steps. 
In 2008 we developed the first version of the long cane with hole detection (v2008) [5], and in 2009 a 
second lightweight prototype with faster detection was build (v2009) [6]. These devices will be described in 
more detailed in section 3. After field tests with blind users we feel the need to build a long cane prototype with 
ergonomic considerations. Meanwhile, our contact with blind people during the fields tests, made appear new 
ideas for other detection devices. In the design process we started collaboration with the Department of 
Communication and Arts of the Aveiro University. This collaboration led us to the development of a set of 
electronic mobility aids for the blind, under the project name of MobiFree, which is the main title of this paper. 
2. Space Perception in Visual Impaired People 
One important concept that must be introduced at this point, is the overall space definition of the visual 
impaired, see figure 1 a), and its relation with the remaining sensory modalities in order to understand how 
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other available senses can be used to substitute the vision in the perception of space at different spatial scales 
[7]. The long cane works as an extension of the haptic capabilities, which results in an important source of 
information for the blind to test the floor condition and to detect obstacles at the floor-level. In figure 1 a), is 
possible to observe one of the most important techniques used in locomotion by the blind, the 2-Touch 
Technique. This technique consists in sensing with the long cane in two different points ahead (one to the left 
and one to the right of the individual in locomotion) to prevent obstacles. Depending on the velocity of the 
visual impaired, some dead zones can hide obstacles, such as holes or low relief obstacles, impossible to detect 
by the 2-Touch Technique. 
The personal space range of the visual impaired, see figure 1 a) and b), is the most exposed to the remaining 
senses, with more relevance to touch, hearing and smell. These sensory modalities have great importance in 
space identification, object definition and obstacle avoidance. The near and far spaces became only available to 
the hearing sense, which becomes the most important sense in the near/far space perception. Hearing is also 
important in sound source identification and also in volume and size estimation due to the reverberation effect, 
which can provide precious additional information in relation to environment volume, structure and type of 
construction [7]. 
Our main goal was to design a set of complementary electronic mobility aids for the blind, to cover as much 
as possible, his personal, near and far spaces. The products we came along were: 
 MobiFree Cane  an improved long cane with the ability to detect obstacles at floor-level in the 
visual impaired personal space (obstacles in a range within one meter). 
 MobiFree Sunglasses  a pair of sunglasses with the same technology used in the MobiFree Cane, 
focus in the detection of head-level obstacles also in the visual impaired personal space (obstacles in a 
range within one meter). 
 MobiFree Echo  a device equipped with a directive speaker, which can be used to obtain echo 
information of surrounding elements, i.e. long distance obstacles such as a wall or a car in the near and 
far spaces. 
 
Figure 1: a) Space definition and sensory modalities range when the visual impaired is using the 2-Touch 
Technique. Adapted from [7]. b) MobiFree devices and its relation with the space definition introduced before. 
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3. MobiFree Devices 
The first device we developed was the advanced long cane, i.e. the MobiFree Cane prototype. This led us to 
the development of two versions, the v2008 (started in 2008) and the v2009 (started in 2009). Both prototypes 
were developed based on the inputs gave by APEC. The requirements imposed in the design were: 
 A way to get extra information at the floor-level to complement the 2-Touch Technique and prevent 
obstacles, such as holes, drop-offs and steps.  
 A way to prevent obstacle collisions at the head-level, such as traffic lights and stairwells.  
 A way to detect darkness, with automatic light signaling included. 
 The device should be robust, include the folding feature and should be produced at a reasonable price. 
3.1. MobiFree Cane 
The developed cane is capable of detecting holes, drop-offs and steps, designed with the main purpose of 
improving the mobility of visually impaired individuals. Throughout this work, there was a great concern in the 
low-power consumption of the device, as well as the overall low cost of a hypothetically final product. The 
developed techniques for hole-detection rely on pulses of ultrasounds. Photovoltaic solar cells are used to keep 
the batteries charged so that the user does not need to worry about changing or charging any batteries on a 
regular basis. Another innovative feature of this cane is related with the increasing visibility and safety 
provided to the user under dark conditions, especially when crossing streets or in heavy traffic areas. The cane 
automatically detects the ambient light and decides to turn on or off an array of blinking LEDs along the body 
of the cane. This enables drivers to recognize the user earlier and better, in order to take the necessary 
precautions. The MobiFree Cane, when a hole is detected, informs the blind using vibration. Field tests proved 
and validated the concept, allowing holes, drop-offs and steps to be detected flawlessly, and with only a very 
limited number of false detections occurring in very irregular surfaces. Nonetheless, all the holes were detected 
in every kind of surface, proving this is an efficient way of bringing a clear path to the visually impaired. 
3.1.1. Overall Architecture 
The overall architecture is presented in figure 2. Three basic modules compose the cane: environment 
sensing, power & processing and user interface [6]. The environment sensing module uses ultrasonic signals to 
perform the hole and drop-offs detection based in Time-of-Flight (ToF). Two ultrasonic receiver transducers 
were added to include space diversity in the system, resulting in a more robust detection due to the reduction of 
the multipath signal cancellation effect, which appears in the ranging process. In this approach, multiple 
Figure 2: MobiFree Cane overall architecture. 
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versions of the same transmitted signal are received and combined later. One of the receivers was also placed 
1/4 of the wavelength of the signal higher than the other receiver. With this configuration, when the zero 
amplitude of a signal arrives at the first receiver, the second (higher) receiver will capture a maximum (or 
minimum) of the same wave, and vice-versa. The power & processing module is related to the management 
and power distribution and also concerned with all processing tasks using a low-power microcontroller (we 
opted for the TI low-power microcontroller MSP430 family). The user interface block is the one related to the 
sensorial substitution for the visual impaired, in this case we opted to include a vibration motor to deliver 
information, through the haptic system using a simple predefined coding scheme used to translate the obstacle 
related information into vibrotactile information witch resulted in sensory substitution in the plane vision-
haptics. Blinking LEDs were added as a way to provide visual information to others, signaling this way its 
presence in dark situations. 
3.1.2. Hole and drop-offs detection 
A common, low-cost, straightforward and effective way to measure distances is to use ultrasonic sensors 
controlled by a microcontroller. Ultrasound pulses are emitted followed by a listening period, in which the 
microcontroller tries to listen for echoes of the emitted pulse. These echoes appear when there is an object in 
the path of the emitted pulse. The basic concept used to detect holes, drop-offs and steps is to continually 
measure the distance from the cane to the ground, see figure 3. Of course that in practice this is not so 
straightforward as it may look. One must take into account that the cane itself is constantly moving, thus 
changing its height relatively to the floor. Even more important and problematic than this, is the fact that the 
user can be walking on many different kinds of surfaces, like wood, tar, cement, linoleum, rubber, grass, dirt, 
stone, tiles, carpets, etc., or even a mixture between different elements and textures. Each kind of these surfaces 
presents a singular behavior in response to the ultrasound pulses, making it very hard to obtain accurate 
measurements and sometimes even not responding at all. In addition to this, the cane can be used indoors as 
well as outdoors, increasing the type of environments where it must operate correctly. One very problematic 
issue encountered is the multipath effect. This happens when the surface being measured is very irregular, 
leading to multiple reflections. Multipath is a propagation phenomenon that results in echoes reaching the 
ultrasonic receiver by two or more paths. The effects of multipath include constructive and destructive 
interference, and phase shifting of the signal. As a result of these effects, sometimes the signal disappears 
completely due to addition of different phased signals, coming from different paths. This cancellation of the 
echo, if not correctly detected, forces the cane to assume that there is actually no echo due to a hole, issuing 
therefore a false hole-detection. Another practical effect, which is easily visible when multipath occurs, is the 
widening of the received pulse. This happens because several echoes arrive in slightly different time instants, 
although without the canceling effect from the previous case. The flowchart of figure 4 describes the main 
software task implemented to perform detection of holes and drop- offs by the microcontroller. This is a time-
Figure 3: Hole/Drop-off detection process. 
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triggered task whose frequency is directly related to the reactivity of the detection. Regardless of the pulse 
frequency used, the process starts with the transmission of 40KHz pulse with 12 cycles followed by a sleep 
time, used to wait for the resonance peak that will occur in the ultrasonic transmitter. After that, is performed 
the acquisition of thirty samples of a rectified envelope version of the received signal using a sampling 
frequency of 1KHz. The algorithm used for hole and drop-offs detection is then used independently for each 
ultrasonic receiver and then the decision on the detection of a hole or drop-offs is taken. A positive detection is 
signalized to the visual impaired thought vibration.  
In figure 5 is presented the algorithm used in holes and drop-offs detection. For both buffers (one sample 
buffer per receiver) is then computed the signal strength (S) for each receiver. Signal strength is a simple way 
to have a relative estimate of the energy of the pulses using only mathematical additions, which becomes easier 
to implement in a microcontroller. 
By looking to the signal strength (S) of both receivers is then decided if the signal received is noise or an 
echo. If no echo is detected the variable ned is incremented till its value reaches 9 thus indicating a hole or a 
drop-off was detected. If an echo is detected in only one received channel or both, the mean between both 
pulses is computed, leading to an increased signal-to-noise-ratio. On the other hand, if an echo is only detected 
in one channel, only the channel containing the echo will be processed, reducing this way the negative effect of 
Figure 5: MobiFree Cane software flowchart [6]. 
Figure 4: MobiFree Cane software flowchart [6]. 
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the noisy channel and increasing this way, the signal-to-noise-ratio. After the decision on which signal will be 
processed, is computed the distance d to the floor. If no pulse has been received, or the peak amplitude does not 
exceed the maximum amplitude attainable by the noise, it is assumed that the distance remains the same as the 
previous sample. The derivative of the distance d is then estimated using a FIR filter H(Z), and if it is higher 
than the decision threshold th, a hole or a drop-off is then signalized as detected [6]. 
3.1.3. Prototype Evolution 
The MobiFree Cane was the first device we began to develop. In figure 6 is possible to observe the 
prototype evolution in time. From left to right we have the first version, a) v2008 with all the electronics placed 
in an external box. Second version, b) v2009 is a lightweight version with reduced electronics size and a faster 
hole detection algorithm. The third version, c) v2012 is a conceptual design under construction with a new and 
ergonomic design and all the electronic components will be integrated inside the cane. In table 1 are presented 
all the features of the prototypes for a better comparison and correspondent evolution tracking. 
Table 1: Features of the MobiFree Cane prototypes. 
Features v2008 v2009 v2012 
Materials Aluminum (Ø26mm) +  
External Box w/Electronics 
Aluminum (Ø26mm) +        
External Box w/Electronics 
Aluminum (Ø26mm) + 
External Box w/Electronics 
Size 120cm 122cm 120cm 
Weight 1400g 546g - 
US Sensors 1Tx/2Rx 1Tx/2Rx 1Tx/2Rx 
User Interface Sound Blips Vibrotactile Vibrotactile 
Presence Light 6 LEDs No 2 LEDs 
Solar Panel Yes No Yes 
Batteries 2 x AAA 2 x AAA 2 x AAA 
Power Consumption ON = 12mW 
w/Motor = 120mW 
ON = 15mW 
w/Motor = 295mW 
- 
- 
Autonomy (w/5% of vibration time) 5 days (w/5% of vibration time) 3 days - 
Max. Detectable Height 50cm 50cm - 
Min. Detectable Height 7cm 5cm - 
Detection Delay 80-120ms 60ms - 
Figure 6: MobiFree Cane prototype evolution. a) v2008. b) v2009 and c) v2012. 
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3.1.4. Field Tests 
Field tests were performed to evaluate the v2009 cane version. In table 2 are presented the results obtained 
in hole detection for different type of surfaces. Ten thousand measurements were made for each material using 
a pulse frequency of 100Hz. Although the presented results are worst in surfaces with materials, such as, 
carpet, grass and dirt, these types of material are not so usual in public urban areas. Among the most common, 
the sidewalk material is the one that presents worst results. If our algorithm is immune to echo failures on this 
surface type, it will work with great probability in the other types of surfaces. 
Table 2: Detection fails for different surface materials using separated US receivers and both [6]. 
Surface 
Material 
RX0 
Detection fails (%) 
RX1 
Detection fails (%) 
RX0 and RX1 
Detection fails (%) 
Carpet 94.62 99.75 94.40 
Grass 39.64 46.86 20.53 
Gravel 26.70 31.16 9.11 
Sidewalk 11.83 14.58 1.79 
Asphalt 1.35 1.71 0.007 
Ceramic Tiles 0.08 0.12 0 
Linoleum 0 0 0 
 
Two blind people were invited to come to the Electronics, Telecommunications and Informatics Department 
of Aveiro University to test the v2009 version of the cane, in order to give us some feedback about the device 
and improvement tips, see figure 7. One person used the cane for more than two hours, and the other used the 
cane during a week. Both gave us positive feedback and some functional tips. Some of these tips, such as 
weight reduction, will be included in the next cane version. The cane was able to detect drop-offs and holes on 
time, and showed to be a major help in walking down stairs, detecting all the steps individually and giving to 
the blind precious information about its beginning and end. Sometimes, when the cane clashed sharply against 
obstacles, some false positives appear. 
Figure 6: User tests. 
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The reaction time was sufficient to detect a hole with one step ahead. This allowed to the blind a reasonable 
distance of reaction, even when the locomotion speed is high. Most user complaints were related to mechanical 
features, mainly due to overweight. The new cane version, see figure 8 a), will improve the mechanical and 
ergonomic characteristics using the user-centered design process. 
3.2. Other Devices 
In figure 8 c) is presented the MobiFree Sunglasses conceptual design. Meantime we are working on the 
prototype implementation. This device will use the same technology developed for the MobiFree Cane 
presented before, but focused on the detection of head-level obstacles. In figure 8 b) is presented the MobiFree 
Echo, a device that is equipped with a directive speaker, that can be used to obtain echo information of 
surrounding elements, i.e. long distance obstacles such as a wall or a car, used in the near and far spaces. The 
idea is to use the usual accurate hearing capabilities of blind people in order to estimate the echo direction by 
using the narrow and directional speaker as a spotlight. Different sound signals must be tested in order to 
enhance its performance in different circumstances, such as different types of noise pulses with different pulse 
rates. All devices introduced before will also present wireless capabilities and a mini-USB port that can be used 
for battery charging and firmware upgrades. 
4. Conclusions and Future Work 
In this paper we describe the development of an improved long cane that detects holes and drop-offs on the 
ground. The first prototype (v2008) was too heavy and takes too long to detect the holes. Both problems were 
solved with the second version (v2009) and field tests with blind people showed that it would be interesting to 
build an ergonomic prototype to perform more comprehensive tests and validate the real usefulness of the 
hole/drop-offs detection cane. However, we believe that blind people need more devices than just a long cane 
Figure 7: MobiFree devices. a) Cane b) Echo and c) Sunglasses. 
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to help their navigation and obstacle detection. We propose the MobiFree concept based on a smartphone that 
would be used to aggregate all the sensor information and decide the better signal alarm to produce. 
The idea behind MobiFree is to create a network to link all possible mobility aids used by the visual 
impaired through a dedicated Wireless Personal Area Network (WPAN). Nowadays, with the popularization of 
smartphones, is possible to have high processing capacity and built in wireless communication capabilities, i.e. 
Bluetooth, IEEE 802.15.4 or IEEE 802.11, at a reasonable price [8]. The inclusion of GPS systems in this kind 
of devices is becoming more common. These smartphone features open up new possibilities for navigation and 
fusion of sensory information obtained from all the mobility aids devices carried by the blind. This way, for 
example, assisted navigation with text-to-speech interfaces can be added to help in urban navigation. At the 
same time the blind uses a set of electronic devices that can be used for sensing giving him precious 
information about obstacles, and thus, opening the possibility to store information about their geographical 
location for future use as landmarks. Position tracking can also be used in real-time to give precious 
information to the visual impaired about safer routes to use in locomotion process. 
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